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Accepted 21 September 2012Owing to its high contents of fructooligosaccharides (FOSs), the yacon (Smallanthus
sonchifolius) root is used in traditional Andean medicine as a substitute for cane sugar in
diabetes and for obesity prevention. This study was designed to test the hypothesis that
regular consumption of yacon works to improve the immune system. BALB/c mice were fed
with the AIN-93 diet supplemented with 5% commercial FOS or either 3% or 5% yacon FOS
for 30 consecutive days. Animals in the control group were fed with nonsupplemented
ration. Food intake; weight gain; serum levels of IgA, IgM, and IgG; levels of fecal IgA,
production of nitric oxide by peritonealmacrophages, frequencies of T and B lymphocytes in
the spleen and peripheral blood, T-cell proliferation, and cytokine production were
evaluated in all groups. No significant differences were observed in food intake and
weight gain when the experimental and control groups were compared. Also, serum levels
of IgA, IgM, and IgG; nitric oxide production in peritoneal macrophages; frequencies of T and
B lymphocytes in the spleen and peripheral blood; T-cell proliferation; and production of
interleukin (IL)-4, interferon-γ, IL-10, and tumor necrosis factor α did not differ in the
different groups. The intake of FOS, however, led to a significant reduction of the
proinflammatory cytokine IL-1β in macrophage cultures and elevation of the levels of
fecal IgA. Together, these results indicate that the daily consumption of yacon does not
exert negative effects on the immune system, helps to preserve an anti-inflammatory state
in phagocytic cells, and improves mucosal immunity, possibly preventing the risks
associated with autoimmune and metabolic diseases.
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Cornstarch 465.69 465.69 465.69 425.69
Casein (≥85%) 140.0 140.0 140.0 140.0
Dextrinized cornstarch 155.0 155.0 155.0 155.0
Sucrose 100.0 52.5 7.0 0.0
FOS 0.0 47.5 0.0 0.0
Yacon root 0.0 0.0 93.0 140.0
Soybean oil (no additives) 40.0 40.0 40.0 40.0
Fiber 50.0 50.0 50.0 50.0
Mineral mix 35.0 35.0 35.0 35.0
Vitamin mix 10.0 10.0 10.0 10.0
L-Cystine 1.8 1.8 1.8 1.8
Choline bitartrato 2.5 2.5 2.5 2.5
Tert-butylhidroquinona 0.008 0.008 0.008 0.008
a Sucrose was replaced by FOS or yacon flour.
b Starch was replaced by yacon flour.
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studies the relationship between food intake and a functional
immune system [1–3]. Currently, research in this area is
concentrated in evaluating potential immunomodulators
resulting from consuming functional diets during inflamma-
tory conditions.
Several studies have shown increased immune system
efficiency after the consumption of functional foods such as
fructans, which are nondigestible oligosaccharides [4,5]. The
fructooligosaccharides (FOSs) and inulin found in plant foods
belong to fructans. The Andean yacon plant contains high
levels of these compounds in the roots, whereas the leaves
have high amounts of flavonoids, phenolic acids, and
tryptophan. These components are able to stimulate immune
defense by exercising antioxidant, anti-inflammatory, anti-
microbial, and anticancer effects [6–8].
The ingestion of FOS and inulinmodulate key physiological
functions such as calcium absorption, lipid metabolism, and
modification of intestinal microbiota [9]. The growth of
bifidogenic bacteria after FOS and inulin consumption,
which inhibit the establishment of pathogenic and/or putre-
factive bacteria, is directly related to colon cancer prevention
in experimental models [10]. Similarly, it has been reported
that these compounds promote increased resistance to in-
fections and reduce allergies [11,12].
The immunomodulatory potential of the functional sub-
stances contained in the yacon root is not yet fully under-
stood. To test this hypothesis, we evaluate the physiological
and immunologic effects resulting from incorporating yacon
flour in the diet of young mice.2. Methods and materials
2.1. Animals
Female mice from the BALB/c strain aged 8 weeks were
obtained from the Multidisciplinary Center for Biological
Research at University of Campinas (UNICAMP) and were
maintained throughout the experimental phase in specific
pathogen free conditions. The mice were housed in metabolic
cages with a light/dark cycle of 12 hours at a temperature of
22°C ± 2°C. The mice were given water and food ad libitum.
Ethics Committee in the use of animals at UNICAMP approved
this research protocol under license 1659-2.
2.2. Yacon
Yacon roots, cultivated in São Paulo, Brazil, were acquired at
the Central de Abastecimento de Campinas S.A. (CEASA;
Campinas, SP, Brazil). The roots were peeled and then
lyophilized andmilled. Quantitative analyses were performed
for proximate characterization of the lyophilized yacon,
including determination of the protein, fat, carbohydrate,
ash, fiber, and water contents. The FOS content was deter-
mined by high-performance liquid chromatography using a
Dionex Ion Chromatograph Model ICS-3000 (Dionex Corpora-
tion, Sunnyvale, CA, USA). Fructooligosaccharides were iden-
tified by the refraction index and categorized by comparisonwith the retention standard of 1-kestose patterns (GF2),
nystose, and fructofuranosylnystose (GF4). Proteins were
measured using the micro-Kjeldahl method [13]. The method
of Bligh and Dyer [14] was used to determine the lipid content.
The crude fiber determination was made using the Scharrer
and Akurschner method [15]. The moisture and ash contents
were determined gravimetrically [16].
2.3. Diet preparation and experimental groups
The basic maintenance diet was prepared according to the
guidelines of Reeves and collaborators [17]. For preparation of
the diets containing FOS, the sucrose in the basic diet was
replaced by either a certain amount of lyophilized yacon flour
containing the equivalent of 3% or 5% FOS or 5% commercial
FOS, hereinafter called 3% yacon FOS, 5% yacon FOS, and 5%
commercial FOS. Table 1 illustrates the final formulation of
the diets.
Mice were divided into 4 experimental groups receiving the
specified diets for 30 consecutive days: the control group (G1):
AIN93M standard diet; group 2 (G2), standard diet enrichedwith
5% commercial FOS (NutraFlora P-95; Corn Products Brasil-
Industrial Ingredients Ltda, São Paulo, Brazil); group 3 (G3),
standard diet plus yacon flour containing 3% FOS; and group 4
(G4), standard diet plus yacon flour containing 5% FOS. Feed
consumption and the mice's weights were monitored weekly.
2.4. Serum and feces samples
Thirty days after receiving the specified diets, mice were bled;
sera were individually separated and maintained at −20°C
until use. Feces were individually collected and suspended in
phosphate-buffered saline (PBS), 0.2 M, pH 7.4, at a 1:3 (wt/vol)
ratio; vortex stirred; and centrifuged at 200g for 10 minutes.
The feces extracts were immediately used in enzyme-linked
immunosorbent assay (ELISA) assays.
2.5. Macrophage cultures
Peritoneal macrophages were isolated from mice previously
stimulated intraperitoneally with 3% thioglycollate (DIFCO,
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[18]. The suspensions were adjusted to a concentration of 1 ×
106 cells/mL in complete medium (RPMI 1640 [Sigma, St Louis,
MO, USA] containing 10% fetal bovine serum [Nutricel,
Campinas, SP, Brazil] and antibiotics [Sigma]). Aliquots of 1
mL were plated in each well of 24-well plates (Corning,
Tewksbury, MA, USA) and incubated for 2 hours at 37°C with
5% CO2. After removal of nonadherent cells, monolayers were
incubated with lipopolysaccharide (LPS; 1.0 μg/mL) and
interferon-γ (IFN-γ; 150 IU/mL) for 48 hours. Cells cultured in
complete medium alone were used as controls. The culture
supernatants were used to evaluate nitric oxide (NO) and
cytokine production.
2.6. T-lymphocyte proliferation
Proliferation assays were performed as indicated elsewhere
[19]. Spleens were individually collected to prepare suspen-
sions of erythrocyte-free splenic cells. The cells were resus-
pended in complete RPMI 1640 in 96-well plates (Corning) at a
density of 2.5 × 105 cells/well and incubated for 48 hours at
37°C and 5% of CO2 in the presence of 2.5 μg/mL concanavalin
A (Con-A; Sigma). The supernatants were collected and stored
at −80°C for cytosine cytokine dosages. Cell proliferation was
assessed by the MTT (4.5-dimethyl-2 thiazolyl-2,5-diphenyl-
2H-tetrazolium bromide; Sigma) read at 540 nm after for-
mazan crystal dissolution. All samples were analyzed in
sextuplicate. The absorbance results obtained from each
treatment were expressed as ±SEM averages.
2.7. Flow cytometry analysis
Frequencies of T and B lymphocytes in peripheral blood and
spleens from mice were determined by flow cytometry. To
blocknonspecific reactions, the cell suspensions (106 cells) were
initially incubated with anti-CD16/32 (culture supernatants of
clone 2.4G2 prepared in our laboratory) for 30 minutes at room
temperature. Then, cells were stained with either specific
monoclonal antibodies or with the control isotypes, according
to the manufacturer's recommendations (eBioscience, San
Diego, CA, USA). Finally, the cells were resuspended in 500 μL
of PBS containing 1% formaldehyde. The following antibodies
were used: anti-CD3 (Clone 2C11, labeled with Percp-Cy5.5 or
PE), anti-CD4 (clone GK1.5, rat IgG2b, labeled with FITC), anti-
CD8 (in conjunctionwith PE clone 53-6.7 and rat IgG2), and anti-
CD19 (clone 1D3, rat IgG2a kappa labeled with PE-Cy5.5). Rat
IgG2 and IgG2b, labeled with PE, FITC, or PE-Cy5.5, were used as
isotopic controls. The preparations were analyzed using a
FACS-Aria flow cytometer (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA) located at the UNICAMP's Hematology
Center. The event analyses were performed using FACSDIVA
software (Becton, Dickinson and Company).
2.8. Cytokine measurement
Cytokine concentrations for IFN-γ, interleukin (IL)-4, IL-1β, IL-
10 (eBioscience) and tumor necrosis factor α (TNF-α) (OptEIA;
BD Biosciences, San Diego, CA, USA) were measured by ELISA
in the culture supernatants using commercial kits, following
the manufacturers' guidelines.2.9. Detection of serum and fecal antibodies
Serum concentrations of IgM, IgG, and IgA and fecal concen-
trations of IgAweremeasured by a capture ELISA developed in
our laboratory, using commercially available antibodies
(Sigma). Ninety-six-well microtitration plates (NUNC, Ros-
kilde, Denmark) were coatedwith a solution of goat polyclonal
antimouse immunoglobulins, diluted in carbonate/sodium
bicarbonate buffer, 0.1 M, pH 9.6. The plates were incubated
overnight at 4°C and washed with PBS at 0.2 M, pH 7.4,
containing 0.05% Tween 20. The free sites were blocked, and
the plates washed as above. The feces extracts were used for
fecal IgA detection. The serum and feces samples were added
to thewells at various dilutions, and the plateswere incubated
for 1 hour at 37°C. After washing, the specific anti-IgG, anti-
IgM, or anti-IgA antibodies were tagged with horseradish
peroxidase and added at predetermined dilutions. The
reaction was developed by adding the chromogenic substrate
(0.03% H2O2 and 0.04% orthophenylenediamine in citrate-
phosphate buffer, 0.05 M, pH 5.5) followed by incubation in the
dark for 15 minutes. The reaction was stopped by adding 4 N
H2SO4 to each well. The absorbance was read in a microplate
reader (Multiskan MS; Labsystems, Helsinki, Finland) at a
wavelength of 492 nm. The average concentrations of each
immunoglobulin testedwere calculated with a standard curve
prepared with purified IgM, IgG and IgA (Sigma).
2.10. Nitric oxide measurement
Nitrite was measured using the specifications of Green et al
[20]. Briefly, aliquots of 50 μL Griess reagent (1% sulfanilamide
in 5% phosphoric acid and 0.1% naftilethylenediamine dihy-
drochloride in distilled water, all from Sigma) were added to
identical volumes of supernatants from cultures of macro-
phages, distributed previously in 96-well plates. After a 15-
minute incubation followed by plate agitation, the readings
were performed in a spectrophotometric ELISA reader at 540
nm using sodium nitrite solutions (5 at 320 μM) as standards.
The results were expressed in μM nitrite/1 × 106cells/mL.
2.11. Statistical analyses
Results are presented as means ± SEM. Statistical analyses
were performed using GraphPad Prism software (GraphPad
Software, Inc, San Diego, CA, USA). Significance was assessed
by analysis of variance followed by Bonferroni test. The
significant difference in 2 groups was statistically analyzed
using the Student t test. The significant difference in more
than 2 groups was statistically analyzed using analysis of
variance. Statistical significance was set at P < .05.3. Results
3.1. Chemical composition of yacon flour and
experimental diets
The results of the proximate analyses of the lyophilized yacon
flour revealed a high carbohydrate proportion (86.13%),
Table 2 – Chemical composition of experimental diets




Moisture 8.02 ± 0.28 8.13 ± 0.53 9.85 ± 0.48 9.60 ± 0.00
Total solids 91.98 ± 0.28 91.87 ± 0.53 90.15 ± 0.48 90.40 ± 0.00
Proteina 11.48 ± 0.31 11.47 ± 0.03 13.08 ± 0.77 12.11 ± 0.12
Lipids b 4.27 ± 0.13 4.09 ± 0.20 4.53 ± 0.13 4.18 ± 0.08
Ash 2.62 ± 0.10 2.68 ± 0.05 3.12 ± 0.17 2.93 ± 0.18
Carbohydrate 73.61 73.63 69.42 71.19
Energy c
(kcal/100 g)
378.78 377.19 370.78 370.77
a Protein was measured using the micro-Kjeldahl method [13].
b Total lipids were measured using the method of Bligh and
Dyer [14].
c The calories were calculated using the conversion factor for
proteins (4.0), carbohydrates (4.0), and lipids (9.0).
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0.14%), moisture (8.02% ± 0.08%), and crude fiber (3.46% ±
0.12%). The chromatography analyses by high-performance
liquid chromatography identified the presence of sugars such
as glucose (7.3%), fructose (14.1%), and sucrose (10.5%). The
FOS GF2-GF4 accounted for 34.31% of the sugars present in the
mixture. Based on these findings, diets were prepared in
which the sucrose content normally present in AIN93 was
replaced by either 5% commercial FOS or 3% or 5% yacon FOS.
The proximate analysis of these diets revealed no significant
differences in their chemical compositions. However, the
diets that included 3% or 5% yacon FOS had 8 kcal less sugar
than the control diet (Table 2).Fig. 1 – Body weight (A), gain weight (B), and food intake (C) in fe
yacon flour (3% and 5%) in AIN93 standard ration for 30 days. Va
statistical differences were observed in comparisons either betw
experimental groups.3.2. Food intake and body weight
To evaluate the weight gain obtained by the consumption of
each diet fed, mice were individually weighed once a week. To
measure the average feed intake, each cage was stocked
weekly with 400 g of fresh food, and after 7 days, the
remaining feed was weighed to obtain the average consump-
tion per animal in the cage. The results are summarized in
Fig. 1. The mice fed diet supplemented with FOS (commercial
and yacon) showed no significant change in body weight
compared withmice in the control group (Fig. 1A, B). Likewise,
no significant differences were observed in the consumption
of diets supplemented with FOS or a standard diet (Fig. 1C).3.3. Levels of serum IgM, IgG, and IgA, and fecal IgA
The levels of antibodies in serum and stool were analyzed in
samples collected from mice fed either a diet containing FOS
or a standard diet (Fig. 2). There were no significant
differences in serum IgG and IgA levels (Fig. 2A, B), but there
was a slight but significant decrease in serum IgM in mice fed
a diet containing 3% yacon FOS (Fig. 2C). Fecal sample analysis
showed a significant increase in the amount of IgA in samples
collected from mice fed diets containing yacon FOS (Fig. 2D).
3.4. Effects of yacon on the frequency and activation
of lymphocytes
To verify the influence of yacon consumption on the
peripheral distribution of T (CD3) and B (CD19) lymphocytes,male BALB/c mice supplemented with commercial FOS and
lues are means (n = 15-18) with SEM in vertical bars. No
een treated and control groups or between the
Fig. 2 – Levels of immunoglobulins in sera (A-C) and feces (D) of BALB/c mice supplemented with commercial FOS and yacon
flour (3% and 5%) in AIN93 standard ration for 30 days. Values are expressed as means ± SEM (n = 15-18). *P < .05 between the
AIN93 and yacon groups.
Fig. 3 – Frequencies of T and B lymphocytes in the peripheral blood (A) and spleens (B), and Con-A–induced proliferation (C) and
cytokine production (D and E) in spleen lymphocytes of BALB/c mice supplemented with commercial FOS and yacon flour (3%
and 5%) in AIN93 standard ration for 30 days. Values are expressed asmeans ± SEM (n = 15-18). *P < .05 between the AIN93 and
yacon groups; #P < 0.05 between the FOS and yacon groups.
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Fig. 4 – Nitric oxide (A) and cytokine production (B-D) in LPS-stimulated peritoneal macrophages from BALB/c mice
supplementedwith commercial FOS and yacon flour (3% and 5%) in AIN93 standard ration for 30 days. Values are expressed as
means ± SEM (n = 15-18). *P < .05 between the AIN93 and yacon groups; #P < .05 between the FOS and yacon groups.
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diet or the diets containing FOS were collected at the end of
the experiment for analysis by flow cytometry. The results
illustrated in Fig. 3 show no significant differences in the
proportions of those cell populations in either the blood
(Fig. 3A) or the spleen (Fig. 3B) among the groups.
To evaluate T-cell activity, spleen cells were stimulated
with Con-A. Cellular proliferation was measured by MTT
(4.5-dimethyl-2 thiazolyl-2,5-diphenyl-167 2H-tetrazolium
bromide; Sigma) method, and cytokine production was deter-
mined by capture ELISA. Concanavalin A–induced T-lympho-
cyte proliferation was significantly higher when cells were
obtained from mice fed a diet containing yacon FOS than from
mice fed a standard diet (Fig. 3C). Despite that, we observed
only a slight increase in IFN-γ secretion in the cultures of
spleen cells from mice fed 3% yacon FOS in comparison with
those from the other groups. There were no significant
differences in IL-4 secretion in those cultures (Fig. 3D, E).
3.5. The effects of yacon on peritoneal macrophage:
inducible NO synthase activity and cytokine production
To evaluate the effects of yacon consumption on the
macrophage functions, the levels of nitrite, IL-1β, TNF-α, and
IL-10weremeasured in culture supernatants of thioglycollate-
elicited mouse peritoneal macrophages stimulated in vitro
with LPS and IFN-γ. The nitrite levels were similar in the
supernatants of macrophages obtained from mice of the
different dietary groups (Fig. 4A). Similarly, no significant
differences were observed in the levels of TNF-α and IL-10.However, a pronounced reduction in IL-1β secretion was
observed in the cell cultures derived from mice fed with
rations containing FOS of any source in comparison with the
control group.4. Discussion
Prebiotic effects have been defined as “the selective stimula-
tion of growth and/or activity(ies) of one or a limited number
of microbial genus (era)/species in the gut microbiota that
confer(s) health benefits to the host” [21]. The presence of
healthy intestinal microbiota promotes a state of immune
tolerance, which prevents the immune response against
commensal organisms and dietary proteins avoiding food
allergies and bowel disorders such as irritable bowel syn-
drome. Moreover, the consumption of prebiotics improves
stool quality as measured by pH, short-chain fatty acid,
frequency, and consistency; reduces the risk of infections
and gastroenteritis; and increases Ca absorption, bone calci-
um accretion, and bone mineral density [9,22].
As observed in this study, yacon root flour contains
reduced quantities of glucose and fructose and high levels of
FOS, which is found in higher proportion in the yacon than in
other sources of prebiotic substances such as chicory or
Jerusalem artichokes (22.9/100 g and 13.5/100 g, respectively)
[23,24]. Variations in the levels of FOS in yaconmay depend on
factors such as localization, farming, the growing season, and
harvest time and temperature in the postharvest [25]. The
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and GF4), and it is a natural prebiotic fiber produced from
sugar cane.
Recent study conducted in adult women (31–49 years) with
mild obesity and dyslipidemia has shown positive effects
resulting from yacon consumption [26]. In these patients, the
consumption of 0.14 or 0.29 g FOS/kg body weight for 120 days
resulted in reduction of body weight, body mass index, and
serum insulin, as well as an increase of the frequency of
defecation and satiety. In a study conducted in rats, the
consumption of yacon flour containing 5% or 7% FOS resulted
in an increase of calcium absorption that seems to be
correlated with increasing in depth and number of intestinal
crypts [25]. In other study, hypolipidemic effects were
observed in diabetic rats fed with yacon flour for 3 months.
These effects on lipid metabolism were correlated with the
increase in insulin-positive pancreatic cells within the pan-
creatic parenchyma, although only a slight increase in plasma
insulin levels has been observed [27].
In our work, the partial or complete replacement of sucrose
by yacon flour in the rations resulted in similar levels of food
intake, although animals seem to show a slight preference for
the consumption of the alternative feed that did not result in
any significant difference in weight gain. Similar observations
have been reported in other experiments using diets supple-
mented with FOS [4,28]. The consumption of FOS (0.20 g/d per
mouse) for 24 days by older female C57Bl/6Jmice (33-35weeks)
from the second generation of mice fed with a diet poor in n-3
polyunsaturated fatty acids resulted in weight gain and better
use of nutrients compared to the group fed a control diet [29].
We also observed that the intake of diets containing FOS
resulted in no changes in serum levels of IgG, IgM, and IgA.
Corroborating data from the literature [30], however, we
observed a large increase in the levels of IgA in feces of mice
fed with FOS. Likewise, it has been observed that the
consumption of FOS raised IgA levels in intestinal tissues
extracts [31]. Other prebiotics such as cicloinulooligossachar-
ides and isomaltooligosaccharides, have also been shown to
increase fecal IgA levels in mice [32,33]. The inulin consump-
tion, however, does not significantly alter the levels of fecal IgA
inmice [12]. Thus, the rise in fecal IgA after the consumption of
yacon flour observed in this work may be attributed to its
content of FOS. The IgA can function as a high-affinity system
to neutralize toxins and pathogenic microorganisms or as a
low-affinity process to contain the densemicrobiota content of
the intestinal lumen [34]. Diets enriched in FOS and inulin can
provoke and stimulate the intestine's mucosal immune system
and may improve the efficacy of vaccines administered orally
[35]. Itwell established that the levels of fecal antibodies play an
important role in digestive tract homeostasis. Immunoglobulin
A is the immunoglobulin present in intestinal mucosa, and it is
found at high levels only in the intestines of animals with a
normalmicrobiota. In germ-freemice, for example, the number
of IgA-producing cells is decreased almost 2 times than in
healthymice [36]. Thus, we hypothesized that the high levels of
IgA induced by regular consumption of yacon may help to fix
commensal microorganisms in the intestinal lumen of mice.
Although we did not examine the microbiota composition, a
recent work showed elevation of the levels of fecal IgA that
correlateswith alterations inmicrobiota inmice fedwith yaconfor prolonged periods [37]. We did not observe any diet-related
changes in the frequency of T and B cells in the blood or spleen.
On the other hand, our results showed that splenic lympho-
cytes frommice fed diets containing FOSweremore responsive
to the Con-A, in terms of proliferation, and in less extension in
IFN-γ production, than splenic lymphocytes frommice fedwith
the standard diet. Increased proliferation, however, does not
necessarily means a positive response because even cells from
tolerant mice are able to respond vigorously to mitogen
stimulus [38].
The LPS of gram-negative bacteria is a potent stimulator of
macrophages. Binding of LPS to toll-like receptor 4 in the cell
surface triggers various inflammatory events such as the
synthesis of inducible NO synthase and the production of
both proinflammatory and anti-inflammatory cytokines. It is
well known that IFN-γ acts synergisticallywith LPS in triggering
these events in adaptive immune response. Our results show
that peritoneal macrophages from mice of all experimental
groups were similarly responsive to LPS + IFN-γ, producing
comparable levels of nitrite, TNF-α, and IL-10 in culture
supernatants. However, peritoneal macrophages from mice
fed FOS released significant lower levels of IL-1β, thus indicating
that yacon consumption may induce an anti-inflammatory
state in macrophages, because IL-1β production is one of the
first intracelular events after macrophage stimulation [39].
Several studies convey the importance of healthymicrobiota in
maintaining the intestinal tract's physiological and immuno-
logic functions, including inducing tolerance to exogenous
antigens such as those present in the diet [40]. The immune
response against pathogens is characterized by the recognition
of molecular patterns combined with strong innate responses,
followed by an adaptive response to eliminate the offending
agent, which often results in damage to the host's tissues. The
response toward components of the symbiotic microbiota,
however, is characterized by a complex integrated system of
microbial recognition and inhibition of immune effector
activation [36]. This process involves both the maintenance of
a significant number of macrophages and dendritic cells in a
state of immaturity and an appropriate balance between
regulatory T lymphocytes and “inflammatory” T-lymphocyte
subsets such as Th1 and Th17 [41]. It is possible that yacon FOS
binds directly to dendritic cells present in the intestinalmucosa
and modulate its activity to a tolerogenic profile. Although
literature data indicate this possibility [42], we haveno evidence
yet to confirm these data. Despite that yacon is being used in
folk medicine for long time, well-designed clinical studies
testing the effects of regular yacon consumption in humans are
still necessary.
In conclusion, the results support our hypothesis that
regular consumption of yacon improves the balance of the
peripheral immune system in the mouse. This conclusion is
based on the increased levels of intestinal IgA in mice and a
reduced production of the inflammatory cytokine IL-1β in
peritoneal macrophages.Acknowledgment
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